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were	 surveyed	 at	 the	 start	 and	 end	 of	 teaching	 units	 covering	 environmental	
topics.
3.	 Disagreement	with	 statements	was	uncommon	 (17%	across	 all	 statements	 and	
surveys)	and	attitudes	towards	TRs	were	mostly	positive.	However,	attitudes	to-
wards	perennial	rivers	were	more	positive,	particularly	 in	comparison	with	non‐






interest	 of	 participants	 enrolled	 in	 environmental	 and	 biology	 degrees,	 but	 not	
necessarily	 specific	 knowledge	of	TRs.	General	 environmental	 education	across	
the	wider	community	could	improve	attitudes	towards	TRs,	particularly	when	they	
are	not	 flowing	or	 in	 regions	where	 they	 are	uncommon	or	 inconspicuous,	 and	
could	 support	 positive	 protection	 measures	 and	 innovative,	 inclusive	
management.
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Temporary	 streams	 and	 rivers	 are	 waterways	 that	 stop	 flow-
ing	 at	 some	point	 in	 space	 and	 time.	 Found	on	 every	 continent,	
these	 ecosystems	 range	 from	 small	 headwater	 streams	 to	 large	
lowland	 rivers	 and	 stop	 flowing	 on	 their	 surface	 for	 geological,	
climatic,	 and/or	 human‐induced	 reasons	 (Costigan	 et	 al.,	 2017).	
A	wide	 variety	 of	 terms	 for	 temporary	 rivers	 (TRs)	 has	 evolved,	
the	most	 common	 relating	 to	 the	 duration	 and	 predictability	 of	
flow,	with	 seasonal and intermittent	 referring	 to	 rivers	 that	 stop	
flowing	predictably,	and	episodic and ephemeral	to	those	that	flow	
less	predictably,	for	example,	in	response	to	rare	local	rainfall	(Uys	
&	O'Keeffe,	 1997;	Williams,	 2006).	Other	 terms	 are	more	 local,	
for	example,	arroyo	 (USA),	 rambla	 (Spain),	wadi	 (northern	Africa),	







Earth	 and	 an	 ongoing	 surge	 in	 interest,	 TRs	 have	 received	 less	
scientific	attention	than	their	perennial	counterparts	(Leigh	et	al.,	






management	 and	 protection	 is	 concerning	 because	 TRs	 provide	
habitat	not	only	for	aquatic	biota,	but	also	for	terrestrial	biota	as	
their	riverbeds	fluctuate	between	wet	and	dry	phases.	Ecological	
research	 is	also	 revealing	 that	 these	ecosystems	support	 several	
unique,	endemic,	and/or	locally	rare	species,	thereby	contributing	












including	 their	 biodiversity,	 recreational	 opportunities,	 and	 their	
aesthetic	 value,	 is	 limited	 and	 has	 only	 recently	 been	 addressed	
from	scientific	and	management	perspectives	 (Datry	et	al.,	2018;	
Steward,	Negus,	Marshall,	Clifford,	&	Dent,	2018).	Limited	under-
standing	 may	 have	 hindered	 scientific	 and,	 by	 extension,	 public	















flowing,	 and	more	 specifically	 the	 role	 that	 education	 can	 play	 in	
attitudes	towards	rivers.	Our	objective	was	to	surmise	what	might	
drive	 positive	 change	 in	 attitudes,	 which	 may	 provide	 insight	 on	









following	 courses	of	 environmental	 education	by	 the	participants.	
Our	 study	 contributes	 novel	 empirical	 evidence	 towards	 attitudes	
towards	 TRs,	 which	 heretofore	 have	 generally	 been	 assumed	 but	
rarely evidenced.
2  | MATERIAL S AND METHODS
2.1 | The survey, experimental design, and 
participant demographics
Surveys	can	provide	a	consistent	way	of	measuring	attitudes	across	
individuals,	 countries,	 and	 time	 (before/after	 an	 intervention;	 for	
example,	 Lovelace	&	Brickman,	2013).	Our	 surveys	 comprised	10	
statements	(Table	1)	on	which	participants	were	asked	to	rate	their	
agreement	 or	 disagreement,	 on	 a	 Likert	 scale	 of	 1	 to	 5	 (Strongly 






the	 ecological	 condition	 of	 rivers	 and	 Statement	 2	whether	 they	
would	be	upset	if	their	own	activities	harmed	a	river.	The	next	two	




6	 about	 using	 rivers	 for	 (unspecified)	 human	 activities.	 The	 final	
four	statements	concerned	the	aesthetic	value	(Statement	7),	bio-
diversity	importance	(Statement	8),	ecosystem	services	(Statement	
9),	 and	 recreational	 amenity	 of	 rivers	 (Statement	 10).	We	 aligned	
our	descriptions	of	ecosystems	services	with	those	of	the	Common	
International	 Classification	 of	 Ecosystem	 Services	 (CICES	 v4.3;	
http://cices.eu/)	 because	 it	 is	 used	widely,	 provides	 standardized	
descriptions,	 and	 is	 comprehensive	 and	 non‐repetitive,	 recogniz-
ing	three	broad	categories	of	services:	provisioning,	regulating,	and	
cultural.	 Statement	9	 thus	 considered	all	 categories	 together.	We	
included	the	more	specific	Statements	7	and	10	on	cultural	services	
because	the	aesthetic	value	and	recreational	amenity	of	rivers	are	
the	 most‐often	 studied	 cultural	 services	 of	 aquatic	 systems	 and	
are	 increasingly	 recognized	as	 important	 topics	of	public	 concern	
(Hernández‐Morcillo,	Plieninger,	&	Bieling,	2013;	Young,	2010).
All	 statements	 were	 made	 in	 relation	 to	 (a)	 PRs,	 (b)	 TRs,	 and	
(c)	 TRs	 specifically	when	 they	 have	 no	 surface‐water	 flow	 (TRNF;	
when	the	river	bed	may	be	completely	dry	or	contain	isolated	pools	
of	water),	 except	 for	 Statements	1,	 3,	 and	4,	which	were	made	 in	





























TA B L E  2  Glossary	of	terms	provided	to	participants











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































or	 geography	 at	 tertiary	 education	 institutions	 in	 Australia	 (one	









veyed	twice:	once	at	 the	start	of	a	 teaching	unit	 (i.e.	a	credit‐bear-
ing	unit	of	 taught	content,	equivalent	 to	a	 ‘module’	 in	 the	UK,	and	
a	‘course’	 in	Australia	and	the	USA;	Survey	1),	and	again	at	the	end	











All	 participants	 remained	anonymous	and	 surveys	were	 conducted	
following	human‐research	ethical	standards	(see	Acknowledgements	
for	details	of	ethical	clearances).
Out	 of	 142	 surveys	 distributed	 in	 Survey	 1,	 109	 were	 returned	






































within	 the	 coin	 package	 in	 r	 statistical	 software	 (Hothorn,	 Hornik,	
Wiel,	&	Zeileis,	2006,2008;	R	Core	Team,	2017).
3  | RESULTS
3.1 | Differences between PRs and TRs, units, and 
countries (Survey 1)





ment	with	 statements	were	 rare	 (15%	 for	TRNF,	 5%	 for	TR,	 3%	
for	PR	 in	 total	across	all	 statements;	Figure	2).	Most	of	 the	sta-
tistically	significant	differences	in	response	values	between	river	
types,	when	they	occurred,	were	for	Statements	7–10	(aesthetic	
value,	 biodiversity	 importance,	 ecosystem	 services,	 recreational	
amenity),	and	7	and	10	in	particular,	for	which	there	was	stronger	
agreement	 with	 statements	 (higher	 median	 values,	 indicating	
more	 positive	 attitudes)	 about	 PRs	 than	 TRs,	 particularly	 TRNF	
(all p	<	0.05;	Figure	1).	Responses	from	participants	enrolled	in	the	
river ecosystems	 unit	 in	Australia	were	 the	only	 examples	where	
there	was	no	statistical	evidence	of	differences	 in	response	val-
ues	between	PRs,	TRs,	and	TRNF	for	any	statement	(all	p	≥	0.05;	
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3.2 | Differences between survey rounds (Survey 1 
vs 2)
Regardless	of	river	type,	agreement	with	all	statements	together	
was	consistently	more	common	 in	Survey	2	 than	 in	Survey	1	 (%	
Agree	+	%	Strongly agree:	85	vs.	89	for	PR,	77	vs.	83	for	TR,	60	vs.	




















were	 no	 statistical	 differences	 in	 response	 values	 between	 sur-
veys	for	either	unit	in	Australia	or	for	the	ecology	unit	in	Kentucky	




both	TRs	and	PRs.	Across	 all	 surveys,	 agreement	with	 statements	
about	each	of	these	river	types	was	high	 (up	to	83%	and	89%,	re-
spectively),	 although	noticeably	 lower	 for	 statements	about	TRNF	
(up	to	64%).	This	suggests	that	the	participants	may	value	and	con-
sider	TRs	and	PRs	similarly,	at	least	when	TRs	are	flowing.	Surveyed	






influence	of	 environmental	 education,	 and	particularly	 field‐based	
education,	on	pro‐environmental	attitudes	is	well	documented	(e.g.	
Goldman,	 Assaraf,	 &	 Shaharabani,	 2013;	 O’riordan,	 1981;	 Volk	 &	
Cheak,	 2003).	 Our	 study	 therefore	 provides	 evidence	 that	 envi-
ronmental	education	can	positively	affect	how	students	feel	about	
PRs	 and	 TRs,	 irrespective	 of	 whether	 those	 ecosystems	 are	 cov-
ered	explicitly	 in	 the	material	delivered.	This	 is	 important	because	







ing	 and	 further	 improve	 attitudes	 to	 better	 inform	 and	 positively	





(up	 to	64%	agreement)	 and	 regarding	 statements	 about	 aesthetic	
and	 recreational	 provision,	 for	which	 there	were	 consistently	 sig-
nificantly	 lower	response	values	(indicating	greater	disagreement).	
These	findings	support	our	first	hypothesis	that	attitudes	towards	






and	 the	 commonness	 of	 and	 familiarity	 with	 such	 systems	 may	
be	why	 responses	were	 no	 different	 among	 river	 types,	 even	 for	
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non‐flowing	TR.	The	cultural	 importance	and	recreational	amenity	
of	dry	TRs	in	many	parts	of	Australia	is	well‐documented	(Steward	
et	al.,	2012).	However,	 responses	 in	the	community ecology unit in 
Australia	did	depend	on	river	 type,	 following	the	general	 trend	of	
most	to	least	positive	for	statements	on	PRs	to	TRNF,	even	though	
the	 participants	 in	 this	 unit	 had	 similar	 demographics	 to	 those	 in	
the	river ecosystems	unit	and	both	units	were	delivered	in	the	same	




ecosystems	 as	 opposed	 to	more	 general	 community	 ecology)	 the	
more	specific	the	attitudes	to	different	ecosystems	may	become.
Response	values	were	often	higher	at	the	end	of	teaching	units,	
supporting	 our	 second	 hypothesis	 that	 attitudes	 would	 improve	
following	environmental	coursework.	For	TRs	this	was	particularly	





ties	 to	visit	 such	systems	and	to	 learn	about	 the	environment	and	
ecology,	in	general	and	specifically	in	relation	to	TRs,	particularly	in	
regions	where	they	are	scarce,	cryptic,	and/or	projected	to	increase	
in	 prevalence	 due	 to	 climate	 change	 and/or	 increasing	 freshwater	
demands	 (Döll	&	Schmied,	2012;	Stubbington	et	al.,	2017).	Linked	
with	this	 is	 the	need	for	scientists	to	better	document	TRs	 (e.g.	 in	
headwater	 regions;	Beaufort,	Lamouroux,	Pella,	Datry,	&	Sauquet,	
2018);	 citizen	 science	 groups	 focussed	 on	 biological	 monitoring,	
water	quality,	or	ecosystem	services	 issues	can	assist	such	efforts	







valuation	 as	 they	 become	more	 conspicuous,	 common,	 or	 familiar	
components	of	 the	 landscape.	However,	 the	opposite	may	also	be	
true.	We	suspect	that	TRs	may	be	viewed	as	signs	of	environmen-
tal	 degradation	 (e.g.	 a	 river	 once	perennial,	which	 through	misuse	
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